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Abstract  This work considers the problem of 
automatically controlling the glucose level in Insulin 
Dependent Diabetes Mellitus (IDDM) patients. The 
objective is to include several important and practi-
cal issues in the design: model uncertainty, time var-
iations, nonlinearities, measurement noise, actuator 
delay and saturation, and real-time implementation. 
These are fundamental issues to be solved in a device 
implementing this control. A simulator of the well 
known Sorensen 19-th state model has been built. It 
has been found that this compartmental model alt-
hough nolinear, is almost Linear Time Invariant 
(LTI) in practice. To this end, a robust H∞ control-
ler is designed and tested against the simulator in 
order to check all the previous practical issues. 

Keywords  Diabetes control, robust control, H∞ 
control. 

I. INTRODUCTION 
Under normal conditions, blood glucose concentration 
should be in the interval of [60,120] mg/dL (DCCT, 
1993). The body regulates this concentration by means 
of glucagon and insulin, both pancreatic endocrine hor-
mones secreted from α and β cells respectively. The ab-
sence of insulin released by the pancreas is called Insu-
lin dependent Diabetes Mellitus (IDDM) and produces a 
higher glucose level in the blood (hyperglycaemia). The 
consequences of this fact can be atherosclerosis, reti-
nopathy, etc. The excess of insulin on the other hand, 
may produce a lower value of glucose (hypoglycaemia) 
which may produce diabetic coma or even death. Meals 
and exercise tend respectively to increase and decrease 
blood glucose levels. It is very important to maintain 
glucose levels between the previously mentioned 
bounds. Therefore, diabetic patients need external injec-
tions of insulin according to their actual conditions in 
order to regulate their glucose level. This is particularly 
painful in children with IDDM which may need several 
insulin shots a day, plus regular glucose measurements 
which may involve finger picks. Instead, type II diabe-
tes is generally produced in the long term and has to do 
with patient’s aging, which may not even need external 
insulin provision.  

Glucose-Insulin dynamics has been extensively stud-
ied. A few models based upon ordinary differential 
equations (ODE) can be used, for simulation or control 
system design purposes (Makroglou et al., 2006). As 
controller design is concerned, solutions are frequently 
based upon either Bergman’s 3rd. order model (Fisher, 
1991; Cocha et al., 2009; Makroglou et al., 2006), or 
Sorensen’s 19th. order model (Sorensen, 1985). Both 

models are nonlinear and suitable for design purposes.  
The control system design for this process has been 

approached in different ways using both models (see 
Kovács et al., 2009; Chee and Fernando, 2007; Bondía 
et al., 2010; for a survey). Solutions go from 
semiclosed-loop solutions (Fisher, 1991) and simplified 
PID control to heuristic fuzzy-logic procedures or par-
ametric-programming (Dua et al., 2006). The aforemen-
tioned models, present significant sources of uncertainty 
that are worth considering systematically. Robust Con-
trol Theory (Ruiz-Velázquez et al., 2004; Parker et al., 
2000) has been applied to this problem, centered on the 
uncertainty issue. Also a Linear Parameter Varying 
(LPV) model has been derived in Kovács and Kulcsár 
(2007) based on Sorensen’s model and again an H∞ 
LTI controller has been designed for it in Kovács et al. 
(2008, 2011). In addition, due to the nature of the dy-
namics in both standard models, nonlinear control de-
sign methods have also been applied (Cocha et al., 
2009; Kovács et al., 2008) but with no clear robustness 
guarantees. In previous works by one of the authors of 
this paper (Sánchez Peña and Ghersin, 2010; Sánchez 
Peña et al., 2011) both, LPV and Unfalsified control 
(UC) where tested for this problem. Based on the latter, 
attention should be paid to all of the following issues: 
 Model uncertainty.  
 Time-varying and/or nonlinear phenomena.  
 Time delays, actuator saturation, measurement noise.  
 Real-time implementation.  

In several works, these items have been considered 
separately or simultaneously (Parker et al., 2000; Dua et 
al., 2006; Kovatchev et al., 2009; Ruiz-Velázquez et al., 
2004; Kovács et al., 2011; Willinska et al., 2010). In 
Sánchez Peña et al. (2011), they have all been consid-
ered simultaneously over the simplified Bergman’s 3rd. 
order model (Makroglou et al., 2006; Fisher, 1991). The 
objective of the present work is to continue the one in 
Sánchez Peña et al. (2011), but based on Sorensen’s 
19th order model. This last model is not only more 
elaborated than the first one, but also was created with a 
different objective. The purpose of Bergman’s model 
was to generate minimal mathematical dynamics capa-
ble of explaining variations in individual response to a 
single input (IVGTT: Intravenous Glucose Tolerance 
Test). On the other hand, Sorensen intended to develop 
a generalized physiologic model yielding predictions of 
mean normal response over a wide variety of inputs 
(Sorensen, 1985). In order to take into account the prac-
tical issues listed above, a model simulator has been 
constructed and the following observation has been 


